Determining the distribution of gamma heating in fusion test assemblies will help guide the construction and operation of future experiments.
Introduction
Knowledge of the heating due to gamma radiation in test assemblies surrounding an experimental fusion device will help shape the material and structural design constraints of the blanket in a fusion device. Methods that contribute to this end should provide spatial and energy characterizations of the gamma radiation field, with discrimination against neutrons. At present the dominant technique for spatial characterization is the wide dispersal of thin film TLDs [l] .
TLDs are very effective for providing spatial data, but are limited to measurement of the integrated dose from neutrons and gammas together. Presently one method is readily available for resolution of gammas and neutrons in a mixed field: calibrated proportional counters. Proportional counters can be effective at low levels of exposure [ 2 ] . The proportional counter allows for the rejection of fast pulse-rise events, which are characteristic of the nuclear recoils produced by elastic neutron scatter [2,3]. The present generation of
TLDs has yet to demonstrate satisfactory rejection of the neutron contribution to the integrated dose 111. In the past year at Argonne National Laboratory (ANL), a coupled calculational and experimental program has been started to develop proportional counters for gamma-ray heating measurements. Techniques for absolute energy and relative gas amplification to bias voltage calibration of proportional counters have been tested. Techniques and related analysis software for fast neutron rejection have been considered, and are presently in the testing stage. An experiment to test calculated energy deposition against measured energy deposition in materials of interest has been designed, and is currently in the first phase of implementation.
The present effort at ANL is exploring the possibility of using calibrated proportional counters to calibrate TLD readings. That is, the results of the calibrated proportional counter measurement will be used to provide neutron sensitivity to TLD measurements taken in the same geometry and exposure pattern. In this way, a given geometry can be mapped by TLDs, and a proportional counter can be mounted in some symmetry locus relative to the TLD positions to provide neutron discrimination data.
Theoretical Background
It was observed that the electron spectrum present in a sufficiently small cavity is representative of the surrounding walls [5, 6] . This is the famous Bragg-Gray effect. It was further observed by Pano 171 that if the effective 2 of the cavity is equivalent to the 2 of the walls, then the electron spectra of the two are equivalent. This then is the key implication of cavity ionization theory:
for a sufficiently small cavity, with matched effective 2, the measured response in the cavity is equivalent to the response in the surrounding material. Also if the characteristic electron spectra are known for both the wall material and the cavity fill-gas for the irradiation of interest, a correction factor (namely cS(E)w/cS(E)c) from theoretical calculations can be applied to the measured result (mS(E)c) to derive the desired quantity (S(E)w),
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Neutron sensitivity is an important issue. We are after all interested in gamma heating. The main advantage proportional counters have over calorimeters and TLDs is their excellent differentiation between gamma and neutron responses 121. Only electron and charged particle production can be viewed as local effects. Consequently, the major portion of a gamma's initial energy is deposited near the interaction site. Charged particles (neutron induced recoil gas atoms) have a higher linear energy transfer coefficient than electrons; hence the respective rise time of a charge particle pulse is greater than that of an electron of comparable kinetic energy.
This fact gives the researcher a method to discriminate between gamma arid neutron effects in a proportional counter.
Energy deposition in the counters is a function of the effective Z of the fill material and the amount of material in the countet,. F-factors are then implicit functions of gas fillirig arid pressure (since once a counter is fabricated, wall material or thickness cannot be changed). To obtain these f-factors, we wilt calculate the electron energy-loss distribution for selected materials in slab geometry, and utilize the calculated results to interpret measurements made under the same cond i t i O t i s .
To calibrate a gas-i'l lled counter with respect to energy, one can simply inject a beta decay isotope into the fill-gas. The end poiiit arid the peak of the beta decay spectrum are observed, and the related bias voltages are recorded. A t'unctional relationship can then be derived for the range in energy defined by these points and the correspoiiding bias voltages. The region is then calibrated in energy.
The relationship betweeri gas amplification and bias voltage can be determined by observing and recording the change of the counter output signal as the bias voltage is changed.
A functional relationship can be established by best curve fittitig of the recorded data. The functiori can then be extrapolated to zero bias voltage to check its validity [ l o g (amplification) = 0 or nearly so at V = 01. This has been done, arid the procedure for doing so is well developed 181.
The sensitive volume of' the counter is drl'ined as the region spanned by the electric-field lines. In a counter free from impurities, the sensitive volume ~L Jproximates the physical volume.
However, with the introduction of impurities (ti20, 02, etc.), recombination of the secondary electrons may take place befow they reach the collecting anode, effectively reducirig the sensitive volume to the space that contributes electrons for collection at the anode. The measure of counter contamination is related to the attachment or recombination Coefficient for the fill-gas of interest. This coefficient is a function of electric field when pressure is held constant, and can be determined empirically by observing the pulse-height distribution of a proportional counter, as a convolution of a known spectrum and the attachment coefficient.
Review of Current Work
Presently at ANL, proportional counters and supp0r.t systems developed for proton recoil experiments on the ZPR have been refurbished. The necessary electronics have been tested and brought to good working order. Calibration and neutron pulse rejection techniques have been developed, and tested.
Proportional counters of various sensitive volumes developed by Bennett [2, 4] for spectral analysis of 2Pk assemblies have been refurbished and tested. A tritium extraction assembly has been set up for extracting tritium from old acceleratorneutron generator targets.
The data acquisition system is designed to be PC driven. Data are collected digitally and stored on diskettes. The analysis routines arid support software are specifically PC oriented (written in 8086 assembler), allowing for ease of processing and transport. Thus far an experimental set-up has been assembled in which gamma heating measurements may be taken with confidence in a mixed radiation field. This is a brief overview of the experimental set-up at ANL.
The following equipment packages will be highlighted: ( 1 ) the proportional counters, ( 2 ) the fillgas handling facilities, and (3) the data collection system and its associated electronics.
The proportional counters are composed of stainless steel walled cylindrical cathodes fitted with insulating end-plugs, with a fine 1 mil wire running through its axis as the anode. This I S then encased in a stainless cylinder fitted with d gas feed line. The gas feed lines allow quick change of gas fillings for these counters.
The feed-gas handliiig system consists of a small chamber with seven valved ports. The largest port is connected to a vacuum (fore) pump, and the remainder Lo either gas bottles and/or counters. This chamber is fitted with a strain-gauge link to an AI)-2B31J, whose output is read by a four and one-half digit volt meter. Pressure in the system is determined by noting the reading under a vacuum arid at atmospheric pressure, which is calibrated by a Hg barometer.
To operate a proportional counter, high voltage is applied to the anode, and the cathode is grounded, with the signal taken off the anode. The signal is then fed to the data collection electronics.
The collection electronics consist of a high voltage supply, test pulser, preamplifier, two amplifiers, an oscilloscope, arid ADC, and a PC. The signal from the preamp is fed into either a differentiating amplifier (X-amplifier) o r into an integrating amplifier (Y-amplifier), depending on the collect ion mode chosen. The signal then passes into the ADC, then to the PC I'CJI. graphichl data reduction arid storage. The entire package is software driver] from the PC. A schematic of the acquisition system appears in A continuous voltage biasing mode has been developed. This mode of operation is intended to permit a single cut view of the energy-loss distribution over the entire range of interest.
This offers a marked improvement over the discrete voltage biasing mode, which gives only slices or windows in the range of interest, as demonstrated in Fig. 2 and Fig. 3 . This is significant in that many energy-loss distributions span several orders of magnitude in energy. In order to view the entire distribution in the fixed voltage biasing mode one must normalize a number of "windows" with respect to one another. The continuous voltage biasing mode was developed t o remove the need for renormalizations.
As a consequence, the time spent in both data collection arid analysis has been reduced substantially.
In the continuous mode, the bias voltage I S swept from a predetermined minimum to a predetermined maximum corresponding to the minimum and maximum gas amplification that allows for observation of the radiation of The log(A) vs. V look-up table is then accessed via software to provide the appropriate weighting factor for each value of P(t,v) for its corresponding V.
The software then compiles a complete energy'fluence vs. log(energy) distribution from the weighted data.
The advantage this method has over the discrete biasing mode is that one can, in one exposure, collect data that would require many exposures with discrete biasing. The uniformity of equipment and environmental parameters is an added bonus.
Utilizing the continuous voltage biasing mode the energy-loss spectrum of tritium (T) was observed. The data are overlayed on the Fermi distribution for tritium plotted as E x @(E) vs. log(E) in Fig. 4 . The end-point and peak of this spectrum calibrated the energy range. An attachment coefficient was observed, though not yet numerically quantified by comparing the observed spectrum to a theoretical Fermi distribution generated over the system's data representation scheme. This process was done for two counters.
The fill-gas prescription for each are as follows: counter 1 contains a mixture of (90%Ar + 10% CO ) with traces of T, and counter 2 contain a mixture of <87%Ar + 13% CO2) with traces of T.
The preliminary results from observations made with counter 1 are presented here.
Preliminary measurements were made with counter 1.
The 8-decay spectrum of T was observed using the continuous voltage biasing mode. The data is shown in J. Gamma heating for this particular exposure was 1.96 E-11 J/Kg*s 2 2.0 E-12 J/Kg.s.
Future Direction
A heating experiment in a fusion blanket module mock-up is planned. The experiment initially consists of an isotopic gamma source incident on a pile assembly.
The pile assembly is formed by stacking rectangular magnesium sleeves filled with graphite into a cube. The proportional counter will be set into its own Mg sleeve, and back-filled with graphite. This design will allow u s to change material and counter position in the assembly with little effort. 18.6 keV log ( E l Figure 5 . Secondary electron energy-loss distribution of 6oCo as observed by counter 1.
positions away from the source in the central drawerline during different runs. This will map out the secondary electron ener,gy-loss profile of the assembly as a function of distance from the source. From this profile, the heating due to the incident radiation can be determined as a function of distance from the source.
Initially a series of heating measurem nts will be taken in the central drawer-line with a ' ' CO source. The data from this set will be used to examine dnd fine tune our analysis routines. The physical parameters of this set (materials, geometry, source) will serve as the test case for our proposed numerical simulatlon of the electron energy-loss spectra in the assembly and counter.
As we acquire confidence in the above arrangement, we will add a neutron contribution to the 60Co source. We will then apply our neutron signal-differentiating technique to eliminate the neutron contribution. The secondary electron energy-loss and heating profiles are again developed.
A comparison of the former and the latter results will be made to demonstrate the utility of the neutron differentiating technique. Eventually (if resources permit) TLD measurements will be made in the same conditions as the test setup f o r the proportional counters, the results will be compared to determine the utility of this method.
The experiment can be very roughly modelled by a 1-D transport problem in an infinite slab. However, a 2-D or 3-D numerical representation is preferred. The calculation should be flexible enough to allow us to vary the neutral to C-P interaction matrix.
In this light, codes such as MCNP o r the integrated TIGER series are considered. We can perhaps take the MCNP output and generate he desired C-P generation codes, with which we can calculate directly the desired C-P profiles.
From these calculations the F-factors of cavity theory, which relate energy deposition in the counter cavity with energy deposition in the counter wall, can be established. This result will allow for the interpretation of the heating of the counter wall material as a scaling of the measured heating to the counter fill-gas.
Summary
The problem of gamma heating measurements in a mixed gamma, and neutron field has been considered. An experimental system for gamma heating measurements has been designed and built at ANL.
Techniques for calibration and neutron signal rejection have been developed and examined. An experiment designed to test the appl icabll j ty of the developed techniques has been built.
Numerical modelling of the experiment is planned.
It is hoped that by comparing calculated to experimental results, a clear picture of gamma heating be obtained in a mixed gamma and neutrori environment. 
